Clinicians are often cautious about use of allopurinol in patients with gout when renal function declines.
G out is the most common inflammatory arthritis, affecting 3.9% of Americans, 1 yet only one-third of patients with gout receive urate-lowering therapy (ULT), 2,3 leading to disease progression. This suboptimal management of gout is compounded by the frequently occurring comorbidity of chronic kidney disease (CKD) stage 3 or higher, which occurs in 20% of patients with gout compared with 5% of those without gout, 4 making management of gout flares more challenging, and often limiting use of uricosuric agents.
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Allopurinol is the most widely used ULT. Unfortunately, clinicians are often cautious about using allopurinol in CKD, largely owing to concerns about allopurinol hypersensitivity syndrome (AHS). This has led to widespread empirical use of the Hande criteria, 6 which guides renal-dosing of allopurinol, though there are no data demonstrating reduction in AHS risk with this approach. 7 Instead, renal-dosing of allopurinol compounds the poor management of gout, 8 and adds to the perception that allopurinol may be detrimental for renal function. In contrast, recent studies provide support for starting allopurinol at a low dose with gradual dose escalation to serum urate target with close monitoring, even among patients with renal insufficiency, without increased risk of AHS. [9] [10] [11] Further, there is emerging evidence that ULT may be beneficial for kidney dysfunction. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Thus, there are no clear data to suggest that allopurinol is detrimental to renal function in patients with gout. Despite this, clinicians commonly hold or lower the dose of allopurinol or even discontinue allopurinol entirely when a patient with gout exhibits kidney function decline, 22 leading to worse gout outcomes.
Although CKD is common in gout, most people with gout have normal kidney function, particularly early in the course of disease, yet there are limited data regarding renal effects of allopurinol among those with gout and normal kidney function. [23] [24] [25] Importantly, there is no evidence that allopurinol is nephrotoxic. We therefore aimed to assess the relation of allopurinol initiation to the risk of developing CKD stage 3 or higher among people with newly diagnosed gout.
Methods

Study Design
We conducted a time-stratified propensity score-matched cohort study in The Health Improvement Network (THIN), which is a general practitioner (GP) electronic medical records database representative of the UK general population. The institutional review board at Boston University Medical Campus and THIN Review Committee approved the study and written informed consent was waived because all data were deidentified.
Data Source
The Health Improvement Network contains anonymized data including demographics, diagnoses, prescriptions, laboratory test results, hospital admissions, consultations, and referrals, systematically collected by participating GPs throughout the UK. More than 11 million patients have been registered in THIN and more than 3 million are currently actively enrolled. Diagnoses are recorded as Read codes. 26 Prescriptions are recorded using the Multilex codes issued by First Databank. 27 The Health Improvement Network has been validated for use in pharmacoepidemiological research.
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Participants
We included participants aged 18 to 89 years (mean, 57 years) with incident (newly diagnosed) gout between January 1, 2000, and December 31, 2014 , who had been enrolled with their GP for at least 1 year prior to the gout diagnosis. The diagnosis of gout was based on the first instance of a gout Read code. We excluded individuals with CKD stage 3 or higher prior to gout diagnosis (defined as either glomerular filtration rate [GFR] <60 mL/min on at least 2 occasions more than 90 days apart within 1 year with no intervening GFR ≥75 mL/min or at least 1 Read code for CKD stage 4, CKD stage 5, hemodialysis, peritoneal dialysis, or kidney transplant) and participants with ULT use (allopurinol, febuxostat, probenecid, or sulfinpyrazone) within the year prior to gout diagnosis. From this sample, we identified incident allopurinol users based on the first instance of allopurinol prescription at any time after the gout diagnosis. For our primary analysis, allopurinol initiators were restricted to those who were prescribed a dose of 300 mg or more per day, because this dose is considered to be required for most patients. We created 1-year cohort accrual blocks to account for secular trends ( Figure 1 ). The index date was defined as the date of first allopurinol prescription for the exposed and a randomly assigned date within the 1-year accrual block for each matched unexposed participant. We matched allopurinol initiators to allopurinol nonusers 1:1 using propensity scores to minimize confounding by indication. To calculate the propensity scores, we used logistic regression with incident allopurinol use as the dependent variable and potential confounders that reflect indications for allopurinol use and/or risk of developing CKD (listed below) as the independent variables. Prior to propensity-score matching, we excluded participants with the following within 1 year prior to the index date: (1) use of ULT other than allopurinol; (2) active cancer other than in situ cancers, squamous skin cancer, or basal skin cancer; and (3) no contact with the health care system (ie, no appointment with the GP, no laboratory test, and no prescription). At any time prior to the index date, the following were additional exclusions: (1) other organ or bone marrow transplant; (2) primary kidney disease (including polycystic kidney disease) or systemic vasculitis that affects the kidneys; (3) cirrhosis; and (4) multiple myeloma or renal carcinoma. In addition, we excluded participants whose gout diagnosis occurred on the last day of the study, and individuals lacking data on body mass index (BMI) at any time before the
Key Points
Question What is the association of allopurinol use in patients with gout with the risk of developing chronic kidney disease stage 3 or higher?
Findings In this population-based UK cohort study, the use of allopurinol in patients with gout did not increase the risk of kidney function decline, and was significantly associated with a 13% lower risk at doses of 300 mg or more per day.
Meaning Allopurinol does not appear to be associated with kidney function decline, and clinicians should consider other potential contributors when faced with kidney function decline in patients with gout.
index date or serum urate in the period from 6 months prior to the gout diagnosis through 30 days after the index date.
Outcome Definition
The outcome was defined as either (1) GFR of less than 60 mL per minute on at least 2 occasions more than 90 days apart within 1 year with no intervening GFR of 75 mL or more per minute; (2) hemodialysis or peritoneal dialysis; or (3) kidney transplant.
Fulfillment of the outcome definition based on 2 GFR values was considered to have occurred on the date of the first low GFR value. The second qualifying GFR could occur after study follow-up end (eg, after the ninetieth birthday or after December 31, 2014). The GFR was calculated using the Modification of Diet in Renal Disease (MDRD) formula.
29 Analysis of serum creatinine values for computation of GFR in THIN has been previously validated.
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Covariates
Covariates included in the propensity score were (1) gout duration (time between gout diagnosis and index date); (2) baseline serum urate, assessed from 6 months prior to gout diagnosis through 30 days after the index date; (3) baseline kidney function (GFR 60 to <90 mL/min classified as CKD stage 2 vs GFR ≥90 mL/min classified as CKD stage 1); (4) baseline albuminuria status (normal: <3 mg/mmol; microalbuminuria: 3-30mg/mmol; macroalbuminuria: >30 mg/mmol) within 5 years prior to the index date; (5) age at the index date; (6) sex; (7) most recent BMI prior to the index date; (8) comorbidities assessed any time prior to the index date (cardiovascular disease, diabetes mellitus, heart failure, hypertension); (9) hospitalization within 1 year prior to the index date; (10) number of visits to the GP within 1 year prior to the index date; (11) medication use within 1 year prior to the index date (angiotensin-converting-enzyme inhibitors, low-dose aspirin for cardiovascular disease prevention, colchicine, diuretics ([loop, thiazides or thiazide-like], insulin, noninsulin diabetes drugs, losartan, nonlosartan angiotensin II-receptor blockers, nonsteroidal anti-inflammatory drugs [NSAIDs] ). Participants with missing values for serum creatinine and no Read code for CKD stage 2 were considered to have normal kidney function, thus classified as CKD stage 1 in the propensity score, based on the data that CKD 3 or higher prevalence among gout patients is 19.9%, and is lower in the first years of the disease.
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Statistical Analysis
Follow-up time started from the index date and continued until the outcome occurred, death, transfer out of the GP practice, date of last data collection by the GP, when a participant turned 90 years, or end of the study (December 31, 2014) .
The relation of incident allopurinol use of at least 300 mg/d to CKD stage 3 or higher among participants with incident gout was assessed using Cox proportional hazards models using an intention-to-treat approach, stratified by 1-year cohort accrual blocks. In a second model, we additionally adjusted for the covariates included in the propensity score. The assessment of covariate balance, evaluation of the proportionality assumption, and multiple imputation of missing data were performed (Supplement). Because participants could stop using allopurinol or have the dose reduced and nonusers could start using the medication, we performed a sensitivity analysis censoring participants at exposure status change. Additional sensitivity analyses included all allopurinol initiators, regardless of initial dose, and restricting to those prescribed a dose less than 300 mg/d. We compared the cumulative incidence of CKD in both groups using Kaplan-Meier curves to assess for the possibility of depletion of susceptibles. To assess the impact of the competing risk of death, we used the Fine and Grey and cause-specific hazard approaches.
All analyses were performed using SAS statistical software (version 9.3, SAS Institute). P values were 2 sided and considered significant if P<.05.
Results
Cohort Selection
The source population comprised 6 919 613 participants, among which we identified 105 151 with newly diagnosed gout; 22 096 participants were excluded for meeting the outcome definition before the gout diagnosis, and 3531 and 15 participants were excluded owing to using allopurinol and other ULT within 1 year prior to the gout diagnosis, respectively. After applying the additional exclusion criteria and then creating the 1-year cohort accrual blocks, 43 764 participants remained eligible (Figure 2) . A total of 17 558 allopurinol initiators were identified, of whom 12 176 were excluded because their initial daily dose was less than 300 mg, leaving 5382 allopurinol initiators using a dose of 300 mg or more per day. Of these, 4760 were propensity-score matched to an equal number of nonusers. Comparison of characteristics of those who were excluded vs included (eTable 1 in the Supplement) indicated no substantial differences between the 2 groups, except for a slightly higher prevalence of CKD stage 2, hypertension, certain medication use, and GP visits among the matched participants, suggesting that those excluded may have been slightly healthier.
Participant Characteristics
Covariates were well balanced (eMethods 2 in the Supplement) between the allopurinol initiators and nonusers, with a mean (SD) age of 57 (14) years, mean BMI of 30, and mean GFR was 77 mL/min among both groups; as expected, most were male (7946 [83.5%]) ( Table 1) . Overall, 6724 (71%) exposed and unexposed participants had CKD stage 2 or eGFR 60 mL/min to 89 mL/min, with the remaining 2796 (29%) having CKD stage 1 or eGFR of 90 mL or more per minute ( Table 1 ). The use of medications was also similar among allopurinol initiators and nonusers, with 2960 (31%) using diuretics and 6960 (73%) using NSAIDs (Table 1) . Among those initiating allopurinol at a dose of at least 300 mg/d, 4500 (94.5%) were prescribed a dose of 300 mg/d. The mean duration of allopurinol use was 2.3 years. Additional postbaseline characteristics are provided in eTable 2 in the Supplement.
Risk of CKD Related to Allopurinol Use
Of the 4760 participants in each group, 579 allopurinol initiators and 623 nonusers developed CKD stage 3 or higher during a mean follow-up time of 5 and 4 years, respectively ( Table 2 ). The propensity score-matched hazard ratio (HR) was 0.87 (95% CI, 0.77-0.97). When additionally adjusted for the propensity score covariates, the effect estimate remained virtually unchanged (HR, 0.88; 95% CI, 0.79-0.99). Allopurinol initiators had lower cumulative incidence of CKD stage 3 or higher during the entire follow-up time compared with nonusers ( Figure 3 ). Six allopurinol initiators and 4 nonusers progressed to dialysis or kidney transplant, with 7 of them having met the GFR definition prior to dialysis and/or transplant. Censoring allopurinol initiators when they stopped using allopurinol or reduced the dose and nonusers when they started using allopurinol resulted in similar findings, with an adjusted propensity score-matched HR of 0.83 (95% CI, 0.72-0.95). For the sample as a whole, regardless of allopurinol dose at initiation, the propensity score-matched HR was 1.00 (95% CI, 0.93-1.08). When restricting to allopurinol initiators who were prescribed a dose of less than 300 mg/d, no effect was found, with an adjusted HR of 1.02 (95% CI, 0.93-1.12). Imputation of missing data resulted in similar findings (HR, 0.92; 95% CI, 0.84-1.00).
The Fine and Grey and the cause-specific hazard competing risk of death regression models yielded effect estimates virtually identical to our primary results, with an HR of 0.87 (95% CI, 0.78-0.98) and 0.87 (95% CI, 0.78-0.97), respectively.
Discussion
This study is one of few that have evaluated the relation of allopurinol to renal function among patients with gout and normal or near-normal kidney function at baseline. Allopurinol use, initiated at a dose of at least 300 mg/d, was associated with a 13% reduction in the risk of developing CKD stage 3 or higher. In contrast, initiation of allopurinol at a dose of less than 300 mg/d had no association with developing CKD stage 3 or higher, consistent with current thinking that most patients need doses higher than 300 mg/d to achieve clinically meaningful outcomes. 8, [32] [33] [34] [35] [36] Nonetheless, at minimum, allopurinol does not seem to have a detrimental effect on renal function in individuals with gout. Most studies to date evaluating the effects of uratelowering on renal function have been conducted in nongout populations with varying degrees of baseline kidney function, often CKD stage 3. [12] [13] [14] [15] [16] [17] 19, [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Most of these studies have demonstrated either a beneficial or no significant association with renal function. Importantly, no study has identified a harmful association with allopurinol. Nonetheless, because people with gout have intrinsic differences compared with those with asymptomatic hyperuricemia, including higher mortality, more comorbidities, and more NSAID use, these studies' results are not directly applicable to gout patients. In one of the first intervention studies 23 evaluating renal function effects of urate-lowering in 59 patients with gout whose initial mean (SD) GFR was 94 (24) mL per minute randomized to allopurinol and colchicine or to colchicine alone, there was a significant difference in kidney function favoring allopurinol over a 2-year period. In a prospective observational study, 24 xanthine oxidase inhibitor use over 6 months in patients with gout and normal kidney function was associated with a significant increase in GFR compared with healthy participants. In another study 25 of 179 participants with gout whose mean baseline GFR was approximately 70 mL per minute, high-dose febuxostat (120 mg/d) was associated with significant improvement in GFR compared with placebo over a 4-week period, whereas lower doses and allopurinol, 300 mg/d, was not, and increases in GFR were significantly associated with reductions in serum urate. In an administrative database, gout control related to allopurinol adherence was associated with significantly decreased risk of end-stage renal disease in a sample with hypertension.
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The decline of kidney function in patients with gout is multifactorial. Beyond the natural decline that occurs with aging, there are the postulated deleterious effects of hyperuricemia, the frequent use of NSAIDs, highly prevalent comorbidities, such as hypertension and diabetes mellitus, and common use of other medications, such as diuretics. 4, 48 The potential beneficial effect of allopurinol may occur through serum urate reduction and reduction of oxidative stress through xanthine oxidase inhibition itself. 49 In addition, patients who achieve the serum urate target experience reduction in flares, making renally-harmful NSAID use less frequent. Of note, achievement of target serum urate in gout management often requires doses higher than 300 mg, in line with our findings.
Strengths and Limitations
We recognize some limitations of our study. First, as with any observational study, there is potential for residual confounding despite our use of propensity score matching. However, for unmeasured confounding to change our results such that allopurinol's true effect is harmful would be unlikely (E value, 2.84). 50 Second, there is potential misclassification of allopurinol status because allopurinol use was based on prescription data, without ability to evaluate adherence in these data. Third, consistent with the known suboptimal management and monitoring of gout therapy, only few patients had subsequent measurements of serum urate after treatment initiation, limiting our ability to evaluate the effect of serum urate on GFR. Nonetheless, our research question was specifically about the effects of allopurinol on renal function, regardless of mechanism. Fourth, there was possible detection or surveillance bias unfavorable to allopurinol use because patients recieving allopurinol visited their GP more frequently, had their GFR assessed more often, and had slightly longer follow-up. Thus, allopurinol users could be more readily diagnosed with CKD simply on the basis of having laboratory tests assessed more frequently and over a longer period, making our findings conservative. We also recognize that our primary focus on those who initiated allopurinol receiving at least 300 mg/d is not the current recommended starting dose of allopurinol (100 mg/d or 50 mg/d for CKD stage 4 or worse) with monitored dose escalation until serum urate target is achieved to reduce risk of AHS. 51 Because our study spanned the years 2000 to 2014, prior to more recent treatment guidelines, when allopurinol dosing had traditionally been started at 300 mg/d without dose escalation, we opted to study what would be more likely to be biologically relevant, in line with the literature indicating that doses less than 300 mg/d typically do not enable patients to achieve their target serum urate. 36 Nonetheless, our study findings suggest that starting at recommended lower doses with monitored dose escalation should not negatively impact renal function.
Our study also has a number of strengths. The large population-based sample offered an opportunity to detect even small detrimental effects if there were any to be noted. The new-user design, as standard in pharmacoepidemiological studies, with the additional restriction to newly diagnosed gout to ensure that allopurinol use was truly incident, and the use of propensity scores to account for confounding by indication were important strategies to minimizing bias.
Conclusions
In this large, newly diagnosed cohort of patients with gout who had normal or near-normal kidney function, the initiation of allopurinol of at least 300 mg/d was associated with lower risk of developing CKD stage 3 or higher. These findings in the context of the existing body of literature, including the recent demonstration of safe allopurinol dose escalation in patients with gout and CKD, 11 indicate that allopurinol was not associated with poor renal function in patients with gout. Because allopurinol did not appear to be associated with renal function decline, clinicians should consider evaluating other factors when faced with renal function decline in their patients with gout rather than lowering the dose of or discontinuing allopurinol, a strategy that has contributed to the ongoing suboptimal treatment of gout.
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But the world of RCTs is often distinct from the real world. Patients in clinical practice may not be monitored as closely, have more comorbidities, use other medications or may take the drug far longer than those enrolled in RCTs. For these reasons and others, real-world outcomes with a drug may not mirror those of the RCTs that brought it to market. If you want to know what a drug actually does in the real world, you need to study it in the real world. That, however, is easier said than done.
Enter observational studies. Typified by cohort, casecontrol and various self-matched designs, these studies complement RCTs but rest lower in the traditional hierarchy of medical evidence, 1 precisely because they are not randomized. But what they lack in randomization, they often make up for in generalizability. Observational studies frequently include patients who are ineligible for RCTs, and extended follow-up enables examination of outcomes that might not have arisen earlier in treatment. Moreover, sample sizes often greatly exceed those of RCTs, facilitating detection of less common adverse events. Consequently, population-based observational studies are critical to postmarketing surveillance and, increasingly, evidence-based prescribing recommendations.
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In this issue of JAMA Internal Medicine, 2 large observational studies used administrative data to examine the safety of older medications that are sometimes withheld from patients thought to be at higher risk of harm. The Choosing Wisely Campaign from the American Society of Nephrology recommends that NSAIDs be avoided in patients with heart failure, hypertension, or chronic kidney disease (CKD). Similarly, the American College of Rheumatology suggests starting lower doses of allopurinol in patients with advanced kidney disease. Both studies herein attempt to challenge the data on which these recommendations are based.
In the first, Bouck and colleagues 3 report a populationbased study of NSAID prescribing in patients with hypertension, heart failure, or CKD. Following more than 2 million outpatient encounters for a musculoskeletal disorder in Ontario, Canada, nearly 1 in 10 patients filled an NSAID prescription. In a propensity-score matched analysis, receipt of an NSAID was not associated with a hospital visit for cardiovascular or renal complications in the ensuing 30 days. A major strength of this study is that it provides a real-world estimate of the extent to which NSAIDs are prescribed to patients notionally at increased risk of harm. This long-standing perception originates mainly from case reports, observational studies, and older trial data of patients taking long-term NSAIDs. [4] [5] [6] This new study also highlights dramatic variability among prescribers: among the 7365 primary care physicians studied, the NSAID prescribing rate varied from 0.9% to 69.2%. However, readers are left questioning whether patients who were not prescribed NSAIDs were simply taking over-the-counter medications (including NSAIDs), or were in fact prescribed other analgesics such as opioids. Notably, more than 130 000 patients were excluded from the matched analysis because they were prescribed an opioid around the time of assessment for musculoskeletal pain. In the second study, Vargas-Santos and colleagues 7 used data from a primary care database in the United Kingdom to explore the risk of CKD among patients prescribed allopurinol for gout. Compared with nearly 5000 patients with gout who were not started on allopurinol, those begun on 300 mg or more per day had a 13% lower risk of progressing to stage 3 CKD or higher at a mean follow-up of 5 years. In contrast, no protective association was evident at lower allopurinol doses. Somewhat paradoxically, guidelines suggest that in patients with gout, CKD is both an indication for allopurinol and a reason to initiate the drug at lower (and potentially less effective) doses. This recommendation is itself based on 2 small
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Methods Supplement: Bias analysis eMethods 1: Missing data Due to a high number of missing data on body mass index (BMI) and serum urate, respectively 11.6% and 36.6% of the 72,597 potentially eligible subjects after the blocking process, we performed multiple imputation. First, we imputed the high-dose allopurinol blocked dataset five times to impute missing BMI and serum urate values. Then, we created five propensity score-(PS)-matched datasets from the five imputed blocked datasets. For each of them, we calculated PSmatched hazards ratio (HR) with respective 95% confidence intervals (CI) and performed a second model additionally adjusting for the covariates included in the PS. Lastly, we calculated the mean HR and CI bounds from all five HR to create one summary HR for each model. The results from this multiple imputation analysis reinforced our primary findings, with a PS-matched HR of 0.89 (95% CI 0.82-0.97, p=0.007) and further adjusted for the PS variables, the HR was 0.92 (95% CI 0.84-1.00, p=0.05).
eMethods 2: Covariate balance Covariate balance in the PS-matched dataset was assessed using the standardized mean difference (SMD), evaluated through SAS Macro %pmdiag. The closer the SMD is to 0, the better is the covariate balance. All SMD were lower than 0. eMethods 3: Evaluation of the proportionality assumption To ensure that the methods used for our main analysis were appropriate, we assessed whether the major assumption of the Cox proportional hazards model was respected, which is that the effect of a given covariate does not change over time. To assess if there was any violation of the proportional hazards assumption, we performed three checks. First, we included an interaction term (log of time x initiator) in the proportional hazards regression model, obtaining a p-value of 0.7406, therefore rejecting the violation hypothesis. Second, we included an "ASSESS PH" statement in the regression
